We have explored a new mechanism for switching magnetism and superconductivity in a magnetically frustrated iron-based superconductor using spin-polarized scanning tunneling microscopy (SPSTM). Our SPSTM study on single crystal Sr2VO3FeAs shows that a spinpolarized tunneling current can switch the Fe-layer magnetism into a non-trivial C4 (2×2) order, which cannot be achieved by thermal excitation with unpolarized current. Our tunneling spectroscopy study shows that the induced C4 (2×2) order has characteristics of plaquette antiferromagnetic order in the Fe layer and strongly suppresses superconductivity. Also, thermal agitation beyond the bulk Fe spin ordering temperature erases the C4 state. These results suggest a new possibility of switching local superconductivity by changing the symmetry of magnetic order with spin-polarized and unpolarized tunneling currents in ironbased superconductors.
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Main text
Iron-based superconductors (FeSCs) have shown intriguing phenomena related to the coexistence of magnetism and superconductivity below the superconducting transition temperature (Tc) [1] [2] [3] . Although understanding of their detailed interplay is still under debate, certain magnetic orders seem to be very crucial in realizing coexistent superconductivity [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Recent studies have shown new re-entrant C4 symmetric antiferromagnetic phases (C4 magnetism from now on) coexisting with superconductivity, and have reported that the superconducting Tc is suppressed by C4 magnetic order [16] [17] [18] [19] . Direct atomic scale control of the Fe layer's magnetic symmetry and the determination of its correlation with superconductivity may be useful for an in-depth understanding of the interplay between superconductivity and magnetism. To our knowledge, there has been no report of direct realspace observation of such a control by local probes and atomic scale demonstration of the correlation of magnetism and superconductivity.
In this regard, the parent compound tetragonal iron-based superconductor Sr2VO3FeAs with Tc 33 K [20] is an ideal candidate where the interplay between magnetism and superconductivity can be directly demonstrated due to its nearly degenerate magnetic ground states. Sr2VO3FeAs has two types of square magnetic ion lattices: a square Fe lattice in the FeAs layer and a square V lattice in the two neighboring VO2 layers. At optimal doping, the FeAs layer usually prefers C2 magnetism harboring superconductivity while the VO2 layer prefers C4 magnetism [1] [2] [3] 21] . Previous experimental studies of Sr2VO3FeAs [22] [23] [24] [25] [26] [27] [28] , however, have reported inconsistent results about magnetic order; recent nuclear magnetic resonance (NMR) measurements on single crystals [29] and neutron diffraction [30] experiments show that there is no long range magnetic order in the V lattice at any temperature while in the Fe lattice a magnetic order with a small moment of ~ 0.05 μ , possibly due to frustration, is developed below 50 K. Indeed, a theoretical GGA calculation has suggested that there can be a number of competing metastable magnetic states composed of different symmetries in V and Fe layers [21] . This is a reasonable theoretical prediction considering the coupling and frustration between V and Fe layers (Supplemental Material Sec. II). Therefore, it has been quite a challenging and interesting experimental task to determine the possible magnetic ground states of the heterostructure superconductor Sr2VO3FeAs and the possible methods to adjust their balances.
One possible way to explore the potentially frustrated magnetic states and their relation to superconductivity is using a spin-polarized scanning tunneling microscope (SPSTM) to locally modify the magnetic environment with spin-polarized tunneling current. Our density functional theory (GGA) calculation (Supplemental Material Sec. I) showed a possibility that a non-zero net spin density by the injection of spin-polarized tunneling current can induce a C4 magnetic order from a pristine C2 magnetic order due to the Hund's interaction, as illustrated schematically in Fig. 1 In this letter, using a SPSTM we demonstrate that a spin-polarized tunneling current can induce a nontrivial metastable C4 magnetic order in the Fe layer not usually achievable through thermal excitation. We also showed that a thermal annealing beyond the bulk Fe magnetic ordering temperature erases the induced C4 magnetic order. From the tunneling spectroscopy analysis measured inside and outside of the region of the induced C4 magnetic order, we also find a signature of suppressed superconductivity in the C4 order region, which is shown to be consistent with the nesting and spin fluctuation scenario of iron-based superconductivity.
We grew single crystals of Sr2VO3FeAs with a self-flux method [29] , which are then cleaved in situ at temperature ~15 K just before mounting on the STM head. spin-polarized (Cr) tips at 4.6 K. Using the unpolarized tip, shown in Fig. 3(a) -(c), we found that the surface starts to change at biases beyond 300 meV and the fluctuation becomes so rapid above 400 meV that the surface starts to appear essentially flat as a result of timeaveraging of the fluctuations. Returning to the low bias condition, as shown in Fig. 3(d) , we observe that the square area which experienced the high bias scanning has completely changed with sharply defined boundaries, as shown in Fig. 4(a) .
In case of the spin-polarized tip [ Fig. 3 To study the connection between superconductivity and the C4 magnetic order, we performed a comparative spectroscopic study. We first acquired a large area topograph using a unpolarized tip with bias condition below threshold . We then scanned over a smaller square area near the center [black dotted square in Fig In the case of spin-polarized (Cr) tip, the results are qualitatively different. shows that the superconducting coherence peaks and the SDW-gap-edge-like features are both significantly suppressed in the presence of C4 magnetic order.
One plausible explanation for suppressed superconductivity in this particular C4 (plaquette)
order is related to the mutual relationship of the spin wave dispersion in Fig In summary, we carried out a real-space study of correlation between superconductivity and C4-magnetism in an iron-based superconductor by changing the magnetic symmetry using spin-polarized STM. In this magnetically frustrated material, a spin-polarized tunneling current induced a nontrivial metastable C4 order not usually accessible through thermal excitation, while thermal agitation beyond the bulk Fe spin ordering temperature erased the C4 state. We also observed suppressed superconductivity in the C4 order region induced by spin-polarized current consistent with the spin fluctuation-based theories. These are a unique and clear demonstration of switching the Fe-layer magnetism and superconductivity by spin-polarized current injection and thermal agitation. As suggested in Fig. S12 , our findings may be extended toward future studies for heterostructure superconductor devices manipulating magnetism and superconductivity using spin-polarized and unpolarized currents. 
Theoretical study on metastability of C 4 magnetism induced by spinpolarized current
We used a first-principles pseudopotential method with the generalized gradient approximation to the density functional theory (DFT), as implemented in the SIESTA code.
We used pseudoatomic orbitals to expand the electronic wavefunctions and semicore normconserving pseudopotentials for Sr, V, and Fe, as implemented in the SIESTA code. We used experimental crystal structure of Sr2VO3FeAs, which was measured by x-ray diffraction as shown in Table 1 We obtained the total energy of the system for the single-stripe and plaquette antiferromagnetic orderings of Fe magnetic moments. As shown in Fig. S1 , the single-stripe antiferromagnetic ordering in the Fe layer is more stable than the plaquette ordering by about 80 meV/Fe when the sample has an equal number of spin-up and spin-down electrons, that is, the net ferromagnetic moment is zero. For V layers, we obtained that ferromagnetic ordering is stable within each V layer, with negligible magnetic coupling between adjacent V layers.
Then, in order to examine the experimental situation of having spin-polarized current injected from the STM tip to the sample, we considered breaking the number balance of the spin-up and spin-down electrons in our DFT calculations. As shown in Fig. S1 , when we broke the number balance of the spin-up and spin-down electrons, that is, the net ferromagnetic moment was introduced to the system, the energy difference between the single-stripe and plaquette orderings decreased gradually. Finally, the plaquette ordering becomes more stable than the single-stripe orderings when the net ferromagnetic moment is larger than about one Bohr magneton per formula unit. This result shows that the imbalance of the spin-up and spin-down electrons may stabilize the plaquette ordering and it supports our STM results with spinpolarized current, although it has only qualitative validity in the sense that such a large net moment might not occur in our STM experiment and, furthermore, the experimental situation is more complicated, with the presence of Cr atoms of the STM tip, strong local electric field from the tip, and deviation from equilibrium with net current. 
Roles of V and Fe in the magnetism and the superconductivity of Sr 2 VO 3 FeAs
The main controversy and debating issue about the Sr2VO3FeAs compound is the role of follows. This theoretical picture is in accord with the conclusion of this paper.
Preparation of Cr tip for SPSTM
The spin-polarized Cr cluster tip was prepared by collecting Cr atoms on the apex of the W tip by controlled field emission with parameters depending on the sharpness of the base W tip. 
C 4 (2×2) phase domain walls visualized by spatial lock-in technique
The domain walls of the plaquette (ODS) order can be determined by first detecting the ( (Fig. S8(d), red) , we can conclude that both the tunneling current level and the bias voltage level play significant positive roles in the probability of switching into the C4 state. 
